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SUMMARY

An investigation has been conducted in the Langiey 300 MPH T7- by
10-foot tumnel to determine the effect of negetive dihedral, tip droop,
and wing-tip shape on the low-speed asesrocdynsmic characteristics of a
canplete model having a 1!—50 sweptback wing. Iongitudinal and lateral
stability characteristics were obtained for the model with and without
taill surfaces.

The results of the investigation indicated that the effective-
dihedral paramster 07"4( was reduced by the use of elither negative

geamstric dlhedral in the wing, wing-tip droop, or by changes in the
wing-tip plan form and cross sectlon.

Because the wing tlips were deflected about an axis in the wilng approxi-
mately normal to the wing midchord line, they also increased the maximum
1ift coefficient and were effectlve as & lateral-control device when operated
differentially from an initial position of zero deflactlion.

INTRODOCTION

Previous investigations have shown that vndesirsble stability and
control characteristice may he encountered at moderate and high 1ift
coefficlents with wings having large angles of sweepback. One of the
more objectloneble characterlstics 1s that of high values of effectlive
dihedrel in the higher 1ift range.

One method of minimlzing this effect requires the use of negative
geometric dihedral. It was shown in reference 1 that changes in
geometric dihedral angles from 0° to -10° resulted in reductlons in the
effective dilhedral throughout the 1lift rangs. The results of the
investigation reportsd in reference 2 Indicated that the effective
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dihedral as well as the rate of change of effective dihedral with 1ift
coefficient could be reduced by drooping the tips of a sweptback wing.

The actual shape of the wing tips might be considered as snother
influencing factor inasmuch as changes in the tlp shape affect the spen
load distribution.

The present lnvestigation was undertaken in order to determine to
what extent independent changes of wing geometric dihedral, wing-tip
droop, and changes In wing-tip shape would affect the aerodynamic charac-
teristice of a camplete model having a 45 sweptback wing.

Ancther problem arising from the use of large angles of sweepback
is that of lateral control. Among the lateral-control devicees proposed
for high-speed alrplanes having sweptback wings are wing-tip ailerons
hinged about an axis normal to the leading edge so that the ailerons,
when deflected, are approximately normal to the spanwise flow on the wing.
Inasmuch as the tips herein discussed were droocped about an axls normal
to the 0.487 chord line, it appeared desirable to Investigate their
utility as a lateral-control device. Accordingly, some teste were made
through the lift-coefficlent range with the right wing tip deflected
while the left wing tip was held at zero deflection.

COEFFICIERTS AND SYMBOIS

The results of the tests are presented as standard NACA coefficients
of forces and momente. All forces and moments are presented for the
stability axes shown in figure 1 with the reference center of gravity at
the 25 percent mean serodynamic chord as shown in figure 2.

The coefficients and symbols are defined as follows:

Cy, 11ft coefficient (Lift/qS where 1ift = -Z)
Cx longitudinal-force coefficient (X/gS)

Cy lateral-force coefficient (¥/gS)

Cq ' rolling-moment coefficient (L/gSb)

Cpy pitching-moment coefficient (M/qSE)

Cpn yawing-moment coefficient (N/qSb)

Z force along Z~axls, pounds

X force along X-axls, pounds
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Y force along Y~-axis, pounds
L rolling moment sbout X-axls, pound-feet
M Plitching moment about Y-axis, pound-feet
N Yawing moment about Z-axis, pound-feet
a free-stream dynemic pressure, pounds per square foot (pvz/z)
S8 wing area, square feet
b wing span, feet
b/f2
s wing meen aerodynsmic chord (M.A.C.), feet % f c® &y
0
c airfoil sectlon chord, feet
p maess denslty of air, slugs per cubic foot
v alr velocity, feet per second
¥ distence along wing span, feet
A aspect ratio (b°/S)
Cege center of gravity
a angle of attack of fuselage center line, degrees
angle of yaw, degrees
ig angle of stabllizer wlth respect to fuselage center line,
degrees
r geametric dlhedral angle, degrees
8p 'bip- deflection angle, degrees
Cz* effective dilhedral parameter, rate of change of rolling-moment
coefficlent with angle of yaw, per degree ( %il)
Ch directional-stability par'ameter , rate of change of yawing-

oC
momsnt coefficient with angle of yaw, per degree (f
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CYW lateral-force parameter, rate of change of lateral-force coeffi-

/
clent with angle of yaw, per degree (\§$;i>

CZ*CL rate of change ofagifective—dihedral.parameter with 1ift
coefficlent SE;%)

CZ*F rate of change of effective—di?sgg?l parameter with geometric
dihedral angle, per degree \\§E;$

ClST rate of change of rolling-moment cngficient with tip
deflection angle, per degree <§?T;

Subscripts:

W wing

T tip

R right .

L left

MODEL: AND APPARATUS

A three-view drawlng of the model is presented in figure 2 and the
geometric characteristics of the model are given in table I. The model
mounted for testing in the Langley 300 MPH T7- by 10-foot tunnel i1s
gshown In figure 3. ’

The model was designed so that the wing could be set at geometric
dihedral angles of 0° or -10°. (See fig. 2.)

The model with the wing having 0° geametric dihedrsl was also tested
with the tip portlom of the wing (5 percent of one wing panel area) deflected
ebout an exis in the wing plane normal to 0.487c line as shown in figure k.
The ground clearance weas the seame with L45° tip droop as with ~10° geametric
dihedral. To determine the rolling effectiveness of the drooped tip as
en aileron, scme teste were made with only the right tip deflected.
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'Ehe model was also btested with different tip sha.pes on the wing
with 0° geametric dihedral by wutllizing five interchangesble pairs of
wing tips so deslgned that the wing aspect ratlo remalned neasrly constant
for each tip. The various wing plan forms sre shown in figure 5. All
of the tips were falred semicircular with the exception of +tip la which
was geamstricelly the same as tip 1 but was unfaired.

Hereinafter, the model having 0° geomstric dihedral, 0° tip droop,
and equipped with tip 1 shell be referred to as the basic model.

TESTS

Test Condition

A1l tests were made &t a dynsmic pressure of 30 pounds per square
foot. The test Reynolds number based on a mean serodynemic chord of
17.57 inches for the basic model was 1,483,000 and the test Mach number
was O0.14. The bturbulence factor for the tunnel is not known but is
believed to be approximately 1 because of the high tummel contraction
ratio (1k:1).

Poest Procedure

Included in the Investigatlon were same tests made to determine
the effect of the tail unlt on the aserodynamic characteristics. For
these tests the aft portion of the Ffuselage, 1ncluding the vertical and
horizontal teils, was removed and replaced by a dummy Ffuselege without
tail surfaces. For the complete model, pitch tests were made with two
stabllizer settings and with the tall off. In thls case only the hori-
zontal tail was removed.

The pltch tests were made through an angle~of-attack range from -4°
to 20°. The lateral-stability pa.rameters were determined from pitch
tests made with the model yawed 5 end -5 .

Corrections

Tare corrections were consldered negligible and were not applled.
Jet-boundary corrections were computed by the methods of refersnce 3.
The correction formulas given In reference 3 are for straight wings,
but an wmpublished analysis indicates that 1ittle error ies incurred
when the same corrections are applied to swept wings up to ll-'j EwWeep.
Corrections were applled as follows:

= oM + O-Bh-s(&M



6 ' RACA RM No. 18J07

CI CXM - 0-0129C:|:M2

Cpm = Cmy + 0-01750Ty, (for tail on)

where the subséript M denotes measured velues.

All forces and moments were corrected for blocking by the method
given in reference 4. An increment in longitudinal-force coefficient
has been applied to account for the horizontal buoyancy occasioned by
the longltudinal pressure gradient in the tummnel.

RESUITS AND DISCUSSION

A teble of figures presenting the results follows:

Basic experimental data: Fisggg
Aerodynemic cheracteristics Inpitch « « « « ¢ ¢ ¢« &« ¢ « « « 6 to 12
Lateral-stability parameters O T T S 13 to

Comparison figures.

Effect of -10° goometric dthedral . . . ¢ + &+ = &+ « = » « « =+ « 18
Effect of tip droop .« « . & . . s e s e s s s e s e e o a 19
Comparison of negative dihedral and tip Aroop ¢ ¢ « « s 4 e oo . 20

. - L] . L L - - - 21

Effect of tdp shape « « ¢« ¢« « o ¢ ¢ s ¢ o o o

Lift and Drag Characteristics

Effect of negative geometric dihedral.- The use of -10° geametric
dihedral iIn the wing resulted in a slight decrease in the lift-curve
slope Cr,, from that of the basic model (figs. 6 and 7(a)) in accordance
with the %heoretical relationship (from reference 1)

@La)l" W ) @La)r W=0 00621'w

The maximum 1ift coefficient was less for the model with negative
dilhedreal since the 1ift coefficlents were based on the original wing
area and not the proJjected wing area which decreases with dihedral.

The angle of atback for maximum 1ift, however, was higher for the model
with negative dlhedral than for the baslc model because the angle of
attack measured in a plane normal to the wing surface determines the
stall and thils angle decreases with dihedral. Similar effects were
obtained from the investigation reported in reference 1.

Negative geometric dihedral produced little effect on the drag at
low 1ift coefficlents. At the higher lift coefficients, however, the
drag wes higher for the model wilth -10° dthedral than for the basilc
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model, since at the same 11ft coefficient the model with -10° dihedral
had the higher angle of attack.

Effect of tlp droop.- Drooping the wing tips 45° resulted in mo
change in Cr, bdut did effect a change in the angle of zero 1ift and
produced an increase of about 0.15 in the maximumm 1ift coefficient in
the manner characteristic of a trailing-edge flap (figs. 6 and 8(a)) .
The effect would be antlicipated lnasmuch as the tips are deflected ebout
an axis approximately normal to the wing midchord line and thus act
partlally as a trailing-edge flap.

Droocping the -wing tlps also resulted in en Increase in drag coeffi-
clent, but the sinking speed at maximum 1ift was the same as for the
basic model.

Effect of tip shape.- Variation of the wing-tip shepe had no notice-
able effect on Or,, the maximum 1ift, or the drag (figs. 6 end 9).

Pitching-Moment Characteristics

The varlatlon of the pltching-moment coefficient with 11ft coeffi-
clent for the basic model (fig- 6) exhibited an extremely umstable trend
near the stall. An inspsction of the correlation curve in reference 5
indicates that thls might be expected because of the combination of
agpect ratio and sweep angle Incorporated on the model. Other Iinvestiga-
tions have been concerned with the relief of this unstable tremd through
the use of various devices such as nose flaps and slots and stall-control
venes. It was feld, however, that the umstable moment curve would not
appreciably affect the princlpal results obtalned through the use of
negative dihedral, tip droop, or the varlous tip-shaps modifications.

Effect of negative gecmstric dihedral.- The use of -10° geometric
dihedral in the wing had no beneficial effect on the umstable variation
of the piltching-moment curve near the stall or on the slope CmCL in

the low-1ift renge (figs. 6 and T(a)).

Effect of tip droop.~ No beneficial effect on the pitching-mament
characteristics at the stall occurred as a result of drocopling the wing
tips 45°.

The drooped tips had no effect on CIDCL but 41d produce a change

in the pitching moment at zero 1lift (figs. 6 and 8(a)) since the tips
were deflected at an angle to the relative wind in a mammer that
effectively produced camber at the wing tips similar to that which would
result from trailing-edge-f£lap deflection.

Effect of tip shape.- The variatlons in wing-tip shape did not
improve the unstgble pitching-moment cheracteristlcs near the stall.
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Saome variation in the slope CmCL appeared for the wings with

different tips (fig. 9) but the differences are a result of the shift in

the quarter chord of the mean serodynsmic chord thet accompanies +ip

changes since all the plitching moments were- referred to the quarter chord

of the mean aerodynamic chord of the wing with parallel tips (tips 1 and la).

Effective Dihedral

Effect of negative gecmetric dihedral.- An angle of -10° of geacmetric
dihedral was selected since the iInvestigation of reference 1 indicated
this to be about the maximum angle feasible. For negative dihedral angles
in excess of 10° the angle of attack of the leading wing panel in yaw 1s
8o (decreased that the trailing wing stalls first, resulting In a rapid
increase In effective dihedral.

In the low and moderate lift-coefficient range the use of -10° geo-
metric dilhedral in the wing resulted In an average decrease 1n the
effective-dlhedral parameter CZ* of about 0.001%4 from the values for the

model) with zero dihedral for both the tail-on and tail-off conditlons.
(See fig. 18.) This corresponds ta & value of Cl* of about 0.00014 as

campared to 0.00021 cammonly obtained for unswept wgngs (reference 6), or
the swept-wing value obtained was about 65 percent of the unewept-wing

value. An investigation of a 4OC sweptback wing (reference 1) indicated
en average value of C; of 0.00016 or about 75 percent of the unswept-

r
wing value.

For the model with tail on there was little difference betwegn the
meximm value of C3, for the basic model and the moiel with ~10Y geomstric

dihedral although the maximum value occurred at a lower 1ift coefficlent
for the baslc model.

Effect of tip droop.- For the model with the tall unit removed,
drooping the wing tips 45° resulted in a 35-percent decrease in the
slope CZWC as well as an average decrease in CAV equivalent to about
L

-14° geometric dihedral. (See figs. 19 and 20.) With the tail on the
drooped tips reduced pr about the same amount at Cy, = O as for the

tall-off condition but did not reduce the slope Cz* and only a slight

reduction in maximm CZqr was cbtained (fig. 19). The cause of this

behevior is believed to be amsociated with a change in the contribution of
_ the vertical tail to CZ* resulting from sidewash changes at the vertical

tail induced by the altered tip vortex pattern.



NACA RM No. I8JOT7 9

Effect of tip shape.- The parallel tip was tested both with a square-
cut tip (tip la) and a faired tip of revolution (tip 1), (See fig. 5.) The
faired tilp appeared superlor to the square-cut tip because of the reduction
in the maximum value of Cj ¥ equivalent to about -4° geomstric dihedrel

(fig. 21)« Consequently, all the other tip shapes tested were faired.

Variations made in the wing-tip shape while maintaining a constant
aspect ratlo produced slight changes in the slope CN,C- and 1in the.

) L
maximum velue of Cz‘{, (f1g. 21)« A3l of the skewed tips (2, 3, and 4)

produced larger rolling moments with yaw than either the parallel or
circular tip (1 and 5)« The meximm decrease in Cz*c occurred
L

between tips 3 and 5 and asmounted to about a 30-percent reduction. The
maximm reduction In C;, occurred between tips 3 and 5 and was equiva-

lent. to ebout -8.5° of gecmetric dihedral. The circular tip appeared
only slightly better than the falred parallel +tip. )

Directional and Iateral-Force Characteristics

Effect of negative geometric dlhedral.- The use of -10° geomstric
dihedral in the wing resulted in slight increases in the lateral-force

paremester Cy  and slightly increased the directional stability C
(figs. 13 and 1%(a)). Similar results were shown in reference 1.

Effect of tip droop.- Drooping the wing tips 45° caused a slight

increase in CY\Ir but the directlonal stability C, ¥ was decreased

(figs. 13 and 15(a)). It is apparent that the forces on the receding
tip in yaw are great enough to cause a tendency toward increasing the

¥aw angle.

Effect of tip shape.- Changes in the wing-tip shape resulted in
slight end inconsistent variatioms in Cyy end Cpy (figs. 13 and 16)-.

Alleron Effectivenss of Drooped Tip

Doflecting the tip appearsd to be an adegquate means of maintaining
lateral control. In the low-1ift range the rolling effectiveness
resulting from the right-tip deflection 01% was about 0.0008 (figs. 11

and 12). This value of 02'5'13 1s low relative to that considered

desirable for airplanes having unswept wings but 1s sbout equal to that
obtained from tests of similar swept-wing models equipped with conventional



10 NACA RM No. IB8J07

tralling-edge aillerons (reference 7). The rolling effectiveness decreased
in the higher 1ift range to a value about TO percent of the value in the
low-1ift range.

The yawlng moment accampanying the tip deflection appeared tc be no
more severe than that observed on similar models having conventional
ailerons for deflectlons up to 20°.

In the landing condltion, however, if both tips are given an initial
downward deflection for the purpose of reducing CZW and then deflected

differentially as ailerons, the lateral control thus provided might

become undesirable since past experience has shown that such controls
mey cause high adverse yaw.

CONCILUDING REMARKS

The results of low-speed tests made to determine the effects of
negative geametric dihedral, tip droop, and tip shape on the aerodynamic
characteristics of a complete model having a h5° sweptback wing are
summarized as follows:

1. The use of -10° geometric dihedral resulted in a reduction in
the average value of the effective-dlhedral paremeter Cl* through the

low end moderate lift-coefficilent renge that was asbout 65 percent as
great as that usually obtalned for wmswept wings.

2. Drooping the wing tips 45° (maintaining the seame ground clearance
as that with ~10° geometric dihedral) resulted in a decrease in the
average value of C1¢ through the low and moderate lift-coefficlent

range equivalent to about -14° geometric dilhedral and also caused an
increase in the maximwmm 1ift coefficient of 0.15.

3+« Changes in the wing-tip plan form indicated that CIW was lowest

for the parallel and clrculer tips and highest for the tipe skewed eilther
in or out.

k. By chenging & square-cut tip to a faired tip of revolution, the
maximm value of C3 for the model with paraliel tips was reduced by
an amount equivalent to about -4° geometric dihedral.

5. Deflecting the wing tip (from zero) resulted in rolling and
yawing moments about the seme as that produced by a conventlonal
alleron on & similar sweptback-wing model.

Langley Aeronautical Laboratory
National Advisory Commuittee for Aesronautics

Lengley Field, Va.
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TABLE T

GEOMETRIC CHARACTERISTICS

Wing:

Area, BQ ft o+ ¢ ¢« o ¢« o ¢ o o ¢ o
Spm, ft L] L] . L] L L] * -* - L] ® L] .
Agpect rabio + ¢ ¢« ¢« 4 ¢ s e e o .
Sweepback of quarter-chord line, deg
Taper ratio L] L] L] L] - L] L] L] L] L] . L
Incidence, deg « « « « o ¢ o s o « &
M IA .C L] ’ ft L) L] L L] L] L] L] L] L] e . .
Root chord, £t « ¢ ¢ ¢ ¢ o o ¢ ¢ o @
Tip chord, £t « ¢ o o o o o o s o &
Alrfoll sectlon e« o ¢ o« ¢ ¢ s o o &«
Horizontal tail:
Area, 8@ £t ¢ ¢ ¢+ ¢ ¢ 4 0 0 0 e .
. Span, ft e e e s & s s e e w s e
Agpect ratio ¢« ¢« ¢ ¢ ¢« ¢ s s o v e .
Alrfoil sectlon + « ¢ ¢ o o ¢ o o &

Vertical tail:
Area (not including dorsal), sq £t .
Airfoil Section ® % e @ @ o o o ® o

NACA RM No. L8JOT7

OF BASTC MODEL

8.323

.I.IQ....I.'-5‘870
T e o s & s s s e o o o » 4.h
0----.-.....-0.)"'12
e @& 9 & & & & ¢ e ¢ ¢ > 0 o
-....'........2-007
-....0..-...'0.828
-o--.-ooo-NA.CA65"]_1C
e s s e e s e e e s e s . 1.625
s e s s s s e e s e e . 2.85
e @& e @ & @ & ¢ = & = & @ 5
e o e+ o s s s« s« o » NACA 65-008

¢ ® e & ® & e & @& o s e @ 1-600
¢ 8 e & & e e v s MCA 65"'008

e
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NACA,

Figure |- System of stability axes.
Fositive Forces, moments, and angles
indicated by arrows.
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Section A-A

Tip lq —=—==

¢
x
10°
Tip 3
10°

NACA RM No. L8JOT

Tip &

448"R

Tip normal

to Q487¢ line

2.

S, sgin.

MAC, in.

X, in.

y, in

ad—|=d
o

3522
3481
3481
3360
34.06

119844
1174.42
1167.88
1102.32
1141.78

1757
1809
18.05
18.50
18.25

2124
2093
2085
{986
2053

15.17
14.77
1471
1372
14.38

4.14
4.13
4.15
4/0
4.06

Figure 5 .- Details of wing plan forms with various tips.



NACA RM No. L8JOT

§ 3
S - ;
x I
S 2 '
P
T , =
o [\ —~—
S TPl /Af:é’&[ -
== -
3 4
e (deq)
° 4 i
s Tal off 2P
P
|
= WX
24 e O S e
> D£0)
g 5
~ 16 : G
3 il
R 8
%
Y 0
S
<
-4 -2 8 1O

0 2 4
Lift. coefficient,Cr

N
Longitudinakforce coefficient, Cx

Figure 6 - The aerodynamic characteristics in pitch
for the basic model. Tip 1; Ly and [T =0° complefe

model.

19



20 NACA RM No. L8JOT

S 3
ey
S
S 2 7
%
e et
£ 0 | }K@jy i /
S 5= =
N
.E i i Fx
3\: (acb)g) ‘rs
© -
: o -3 73
& Tal ofF ] \‘E
Y
) .J %
\
9
N
# 1 °Y
4 R
& A ERION w
g Wom—q:m@m _ 3
3 140 ~N
3 =
. L
s
© 0
g‘ 1 & . nop—
<5 NACA

4 -2 0 2 4 6 B8 10

Lift coefficient, Cy
(a) Complete model .

Figure 7.- The aerodynamic characteristics in piteh.
/;=~/0°; tip 1.

N
o



NACA RM No. L8J07

Pitehing-moment coefficient, Cny

Angle of attack, o, deg

.2 .’efq,
j i
#xﬁfo'o—’i-‘o/
0 =l
-/
il
/’f
/}j.
e
o
o——¢~o-o—p—0—2 o
24
o
I6
o
8 =l
el
5
0 Lo
o
& NACA,
S 2 0 2 4 6 & 10

Liff .coef’f'/'c/'enf, A
(b) Vertical and horizontal tail of F.
Figure 7.~ Concluded .

S
Longitudinal-force coefficient, Cx -

21



22 NACA RM No. L8J07

S.2 .
S A )
= 0 Vi
§ L\Erql{u ol 1 % /i
'E -/ )\Q\Q\ B ) . 7
‘.43 A = Iﬁ '.5
Q-2 g 2 C)<
- (deg) s QY
o} O ﬂ -§
s S
Tail of F 7 3%
i
= <
- 8
- _l E
S
S
Q24 03
3
316 —
E 8
N S
8 T “NNAGA
-4 -2 8 10 12

2 4 6
Lift coefficient,Cy
(a) Complete model.
Figure 8.- The aerodynamic characteristics in pifch.

[7=-45%; tip |.



NACA RM No. L8JOT

Longitudinal-force coefficient, Cy

S 2 5
S Q/:
S )
s it
Q [
£ 0 L/
S o’
npe
S -l S 5
g - 1o 45
S o0 ]
= o y
L -2 7 -4
fS]
}D// 73
' J -2
/O/
oS y
0
= 24
S O/éé’
3 16}
%‘ L&
£ | ©
S 8 /O/U'
% s
2 0 Lot
< | o]
8 W
-2 0, 2 A .6 B 10 (2

Lh;’f coefficient ,Cy
(b) Vertical and horizontal tail of?.
Figure 8.- Concluded .

23



24

NACA RM No. L8JOT

B
S 3
S Mo
k] .
& 2 4 o
S - "
T A ;= : s
§ o 1ol ar o d/
g 5 o[ o1
N e
S G
QU o (deg)
o] 0 ]
B =3
s Flolf 40
&
_ ]
T O DA - BH-EOHI Qe O
24
hN)\
3
J 16
S
S
S 8
A b
. .
2 0 .
S =il
<C ' NACA
S0 3 4 <& & 10
Lift coefficient, Cr
(a) Tip 1a .

__lA

N
Longitudinal-foree coefficient, Cy

.(.l‘)

.1
—

)

Figure 9.- The aerodynamic characteristics inpifch
for various tip modifications. Complete model.



25

X0 ' uala) 44209 82.0)-joUlPN}IBUOT

NACA RM No. L8JOT

¥ o = 0°
%,W NI =SS LN 12
J/.. \ zu_ﬂf )
ﬂ/ m«/,,/ \
it Y ;) )
R &9
I " oo RY ¢
! ¢ 8 | loE T
| N
TS N WY o
ﬁ_ . hi + Q .W
A — Q ~ _ % O O S n_O_ ,/\_:_M

ly) ﬁ&...\&&%ﬁ%ses.as@&ﬁ bap .Moﬁ«outc Ao 2/buy



NACA RM Nc. L8Jo7

X2 ¢ [U31214a00 2210-joU]pOLIBUOT
DL B
A/mf/old/f = ~a| IS
MELN g ol 5
,%r ,M, Q mr V1%
LIl . 4 .
K v ]
E 3 W, R
EERE ; b
| Aw oad mr . Z.MW
I . : Q
m ) xm,mM .OW
I Mm .
IR | e
T .. Ty -

Eb. “uayal 400 *:msoE-mSﬁx.i.

mMm 20 ‘ Yo/ JO m\?«\_

Continved.

9.

/”/';/"/‘,“"’



NACA RM No. L8J07

L

Ly

PLl
—

S

S 3
5
£ 2
E | o oo . _—,3-43:?
3 S S
%0_@:0:‘ f—0/:0<0—§ Yoo
& a1 |
..I lt
: (deg) il
. i
A  Jal off E/fé
A’J'
1%
24
_§‘
6‘ lé :).
“c
338 o
S =t
N Pao;
< 0 . &ﬂp
= 8 - | ~NACA
-« -2 O 2 4 b 8 1.0
Lift coefficient, Cy
d) Tip 4

Figure 9.- Continved

N
Longitudinal-force coefficient, Cx

27



NACA RM No. L8JOT

28

X0)* 1us1914 4609 82404-ouipnIBu07

T OO« N
el ot Eon S
] T et B
X 7&.._ wu .
L o
HH- 3 ; URREN
M AW odg i ZW
B ] =
4 % : Y
I £ ik

o AN B S KK
Uy “yueiar 4800 Juswows-buiy it

<
™~

® © O O
bap 0 yool o jo 8jbuy

o
)
3
>
Q
S
0
0 .
Lo
~ e
PN
A
L



NACA RM No. L8JO7

s
23
S
& 2
qg 2 /Gf'
~|E o3
g wd
: oo
> 0 Lo O—g—]
+ -4
< 7S
S
_ /? ‘3§
/2 8
4 L8
,_‘//g/ /E
G—o—o—-o—o--o—cp_o—o——o—a’o' o g’
~J
o 24
s 5
Ss g
g =
X g _ ot
A J»,O/"/o’
Q 5
20 Lot
TNNAAT
|1

- r

8—.4 -2 0 2 4 6 8 1.0
- f\.- -

(a) Tip 1. Lift coefficient, C;.

Figure /O.- The aerodynamic characteristies inpitch
Ffor various tip modifications.. Vertical and horizantal Tail of ¥

29



NACA RM No. L&JOT

30

X9 “fuslo) 44300 82.104-|DUIpPA}IbLOT

b
B
§

I

™ Q¥ -~ Q I

ey .E%Q%mo Juawows-buiyafid

Y ) 0y . ®

—

Dap X0 YovLLD Jo 8|buYy

0 2 4 6 8 10
Lift coeff’f/cienf,CL

-2

(b) Tip 3
Figure 10 - Concluded



NACA RM No. L8JOT 31

S
-g 3
& 3
2
3 /
S fi I
S “()J% "0/ ; ? —4,&).\
' sTR 75 c§
(dgg) / -3 S
© £ Q
© 45 75 5 N
4 S
4 &
[O-='¢ 0= ma O BY ]
oXK?jﬁ—o——o— 1 0 %
o
24 =
g o
NG g
< :
‘E 8 75 2 =
% == s
20 NS =2
< __q]c@/o’ et
- i LN
8-.4 -2 0, 2 A4 6 8 10 [2

L ift coefficient, CL-_
Figure I/ .- The effect of right tip deflection on the aerodynamic
characteristics in pitch. Complete model. & =0°.



3
- ~
2 R, S| |7
& . 4 % o
J 3 | b8~
1B > | NV
T -
y L o
a Y0 V AN
i3 51 — ] 4m
g _ s
iaaaus (aRRRRRRERRUL
$P 638 z % ~
! 3 S
7 oo [ LT T 1
09 K ¢ A
i R Ry
i P .
= o = S ° 3 g < 8 &
Ay ¢ JU8191 41909 us .*cm.at.\meu_ 9] ﬁcm.\_.u.\.\.\moo_.
8240,-|043/07 {usuwow-buimp Juatiows-6uyjjoy

32

Figure [1.- Concluded.



NACA RM No. L8J0OT 33

& 3
*'\
< A
kY
g2 -k
S o
%/ —
Sl
e i e
E — /S X ﬁ-4®
= o o [ PR =
Q. O 2'a -§
(ST A _3(}%
. (dOng /ﬁ ‘g
4
° 20 £ S
A 30 -2C;9
¢ 45 iy
g
= 3
q& 3
| 05
24
g
26
-~
g3
~—
(%1
%S
Rt
A 4 6 8 10 Iz

2 4 .
Lift coefficient, Cy.
Fi iqure 12 .- The effect of right tip deflection on the asrodynamic
characteristics in pifch. Vertical and borizontal fail of . &, = O7



)
W N
g . ogt o | (T
m . | Mmm m wv . A;O
2 . Mol LR 1B
i LA
f %4 ; ok
\ L NS
% ,m.m. 3
) + %
w% A 2h) A—1 (N
| 58oR_% ]
Bl onso e
i MIEE
Wm __ ﬂ ™
nq ©
-~ 9 = S ° 3 8§ © § &
A9 Jua1214 J200 us ft&&&m& 1 .*tm.\&.wimou
9210/-|048407] Jusow -0umo, Juswow-bui|joH

3k

Lift coefficient,C,

Figure 12.- Concluded.



NACA -‘RM No. L8J07 35

02 O—O— —q—e———c O 9-0"6(5
CVW
0
1
o — . 0
St A B e i e Chy,
=002
o | oo — 7 1T Pl
C o}
“ ooz}~ lg
. 2

-2 o 2 & 6 &8 /O
Lift coefficient, C;

Figure /3.- The lateral-stability parameters
For the basic model. Tip 1; Ly and (7= O°.



36 NACA RM No. 18307

194 <>—c—o~—o——o—1?-o—o--o-r-c =t
Cyw
o
#H-—O'—Io o o
. BREmcascal — ~0Q an
=002
004
O O \
Coy 002 NS s
| /O/O/ : G
0 .NAC

-2 0 2 4 6 8 1.0
Lift coefficient, C;

(a) Complete model.

Figure 14-The lateral-stability parameters, [y=-10;
tip 1.



NACA RM No. L8JOT , 37

02 :
C
ol _
e e O O 0 i
C
002 ¥
0
002 — o
Coy ’ =
Eal
~002 Lot i

2 o 2 4 6 8 L0
Lift coefficient , C;

(b) Vertical and horizontal *ail offF.
Figure [4.- Conclvded.



38 ' NACA RM No. L8307

Gy, |
0
0
Ny
=002
004
¢ T
oml
ly 002 - e*“}’o/c
0

4 0 L 4 6 8 1.0
Lift coefficrent, C,

(a) Complete riodel.

Figure |5 - The /ateral-stability parameters.
[7=-45° tip 1.



NACA RM No. L8JOT . 39

02
ny,
ot-0-@—~oro—p—a-o—jo—Gq-0—{0-G—0——
0 .
oo O P Yoo go C 004
Cn
ooz ¥
0
002
. ,/O’ y °
CZW 0 Do f
L F
- < REGA
-002 ooy e

-2 0 2 A ) Yo [0
Lif? coefficient , (
(b) Vertical and horizontal tail of
Figure /56.- Concluded .



- ko

NACA RM No. 18307

02 o y
o wou 15} o= —O—
Cry
0
= O, . Cn Vs
002
006
et :
. 004 = ~t
Ly O—
002 )
5
2 O 2 4 6 8 1.0 .

Lift coefficient , C,

(a) Tipla. '
Figvure 16.- The [ateral-stability parameters
for various tip modifications. Complete
model.



NACA RM No. L&JOT

u

02 S o o= o

C Yy
0
- O 0
—o——] e Y
/4

006

004 L
C Lo N\

002

_ |
0 heea

-2 g 2 4 6 N7 10
Lift coefficrent , C

(b) Tip 2.
Figure 16.- Continved.



42 NACA RM No. 1.8J07

s oP—pP—Oor o+ oOoT—P—]
Cyy

0

0
sown . —QJ O 20 Cﬂy/
2R - 002 -
006
—

Czw — e )%

002 .

o

-2 0 2 A 6 g I,
Lift coefficient , C,

(¢) Tip 3.
Figure 16 .- Continved.



NACA RM No. L&JOT7

006

004

002

Figure 16.- Continved.

5 ac o
o{_|
N 0 o+—a
ol |
o
ot |
Py
-2 o 2 . ) 8
Lift coefficient , C,
(d) Tip 4.



Wb NACA RM No. L8JOT

Cy,
0
= 0
-002
004
o oanol j———O-—“‘-—(H;\‘n
CZY o 1e ti
974 X
,

2 o 2 A 6 8 10
Lift coefficient , €,

(e) Tip 5.
Figure 16 .- Concluded.



NACA RM No. L8JOT

02
Cr,
0 O—Q—O10-O—0-010— O
00
S O I A T i . o >0 4
Cny
002
o,
004
[ olo——0-
002 it R
5’2 ’/O/
¥ o g
0 Lo
o 5

=002 _3 0o 2 4 c 8 0

L/:fz‘ caez"f/'ciem", Cr
(a) Tip 1.
Figure |7.- The lateral-stability parameters

For variovs tp modifications . Vertical
and horijzontal tail off.



46 NACA RM No. L8JOT

02
Cv, _
0 O~ —OFO-—0 >—OHo—0— O
= C
002 v
0
004
OO T
002 /‘b/e \
16
-

2 0z 4 6 8 o

Litt caef;’/c/enf; 4

(b) Tip 3.
Figure 7.~ Concluded.



006
f 2
o4 8g¢
. 0 ___m_.._—-()——e——-—_e_ﬂ_
I, slo—o1_] o e A——#“?ﬁ\?\
o dag) ) /0
0| ﬁ,&f—‘ﬂ' !
=l 13
Coy 0 Lo T-0
02
o0 i %
T2 o 2 4 6 8 0 =2 0 2 4 6 B8 10
Lift coefficient, €, Lift coefficient, &
(a) Vertical and horizontal tail of ¥ (b) Complefe model.

Figure 18~ The effact of -/0°geomeatric dihedral an the af’f‘echva—
dihedral parameter. Tip ! .

LOLGT "ON Wd VIOVN

Ly




|
¢ [;-)
Qg
a4 - —
02 ol 3 L ot i
QW 3/(.'5 \) —EH szl A\:
0 :
|~
~002 ]
2 0 2 4 6 8 0 2 0 2 A e 8 [0
Lift coefficient, ¢, Liff cosfficient, ¢,
(a) Vertical and horizontal tailof f. (b) Complete model.

Figure 19.- The effect of tip draop on the effective-dihedral parameter.
Tipl.

8n

LOLgT ‘oN W3 VOVN




NACA RM No. L8JOT ‘ Lo

004 T ‘ T l T . T .
002 " .OJ_BSOO’—?‘\SS\ J
Yo O,arow/ﬁ/"x" e 'ﬂ/ﬁ—/@"
- | _,:‘/&/Er/ - \_/;- =—46-
=002 P—EEP/B
-004 e

2 ", 2 A 6 E /0
Lift coefticient, C
Figure 20- Comparison of the effect of
fip droop and negafive geometric
dihedral on the effective-dihedral

paramefter. Vertical and horizontal fail of f.



50 NACA RM No. L8JOT7

005 og\a
~ SN
@ 1 e 0
003 Zzaaall Pk
Gyp S Tl
oz | o I
|a 2
& 3
00/ a 4 ’
1w 5 .
0 " ) - | I 1

"2 O 2 4 & 8 /L0
Litt coefficient, C,
Figure 2 1.~ The effect of tip modifications
on the effective-dihedral paramefer.
Complete model. '



